M
ET~ODS for assessing the adequacy of the cerebral blood flow are of importance when interruption of any of the major cervico-cranial arteries is contemplate& This report concerns the utilization of jugular venous oxygen saturation as an index of cerebral tolerance for temporary or permanent ligation of the carotid artery. Lyons, et al., I found this to be a reliable guide as to tolerance for temporary carotid occlusion during endarterectomy on stenotic vessels. This experience was subsequently confirmed by Clauss, et al. 2 Thus, the determination of cerebral arteriovenous oxygen difference as measured by jugular venous oxygen saturation is apparently a reliable index of the adequacy of cerebral blood flow. In the unanesthetized patient, cerebral blood flow rates may be calculated from jugular venous oxygen values on the basis of the tabulations of Kety and Schmidt. 4 Jugular venous oxygen saturation of 60% or above indicates adequate cerebral blood flow. At 50% or below, neurological deficits occur, and this has been confirmed by clinical experience.
The efficacy of cervical carotid ligation in the control of intraeranial aneurysms in certain categories has been established. Tile same reductions of pressure and flow which exert favorable effects on the aneurysm may simultaneously impair the adequacy of the circulation. As a result, cerebral isehemia and resultant infarction is a recognized hazard of carotid ligation. The Matas test consisting of temporary digital compression of the artery to be ligated has been used as a measure of tolerance for occlusion of the carotid artery. The gradient of pressure reduction resulting from temporary carotid occlusion has likewise been assessed as an index of tolerance for the procedure, as has eleetroencephalographic monitoring. These indices are generally helpful, but require that the patient remain awake, necessitating local anesthesia and constant vigil for signs of cerebral ischemia.
Other means for assessing the adequacy of cerebral circulation have been sought. Measurement of jugular venous oxygen saturation was used in view of its value in the surgery of occlusive lesions of the carotid in the neck. This is a measure of total cerebral circulation and might not reflect regional cerebral ischemia, but in practice it has proven valid in indicating tolerance for occlusion of the carotid artery.
Method
The carotid artery is exposed at its bifurcation and for 3 em proximally and distally under local or general anesthesia as befits the individual case. Through an 18-gauge needle, a PE-50 catheter irrigated with heparin saline solution is threaded up the internal jugular vein to the jugular bulb or lateral sinus. This catheter is then attached to the Clark blood oxygen content analyzer2 Withdrawal of jugular venous blood at the rate of 0.3 ml/min permits continuous recording of venous oxygen saturation with a lag time of less than ~ minutes.
Carotid occlusion is accomplished by a Crutchfield clamp on the common carotid artery 1 cm proximal to its bifurcation. Arterial pressures are recorded from the common carotid proximal to the clamp and from the internal carotid artery to determine the pressure gradient and to confirm complete occlusion of the artery. While local anesthesia is still employed in some cases, general anesthesia may be used with venous oxygen monitoring replacing the neurological evaluation and pressure gradient as determinants of tolerance for occlusion of the carotid by the clamp. Maintenance of jugular venous oxygen saturation above 60% for 30 minutes after carotid occlusion is indicative of adequate blood flow, and thus far, no neurological deficit has occurred when this level was maintained. Follow-up observations range from 3 months to ~ years. Should venous oxygen saturation fall below 60% after carotid ligation, the clamp is reopened sufficiently to restore this level of oxygen saturation. In all eases, it is important to maintain the systemic blood pressure at a level at least equal to that recorded during the operation, and a slow drip of Neosynephrine nlay be required for as long as 48 hours postoperatively. Other adjuncts employed with carotid endarterectomy to support the cerebral circulation, such as carbon dioxide inhalations and low-molecular-weight dextran, have not been required.
Results
Nine cases of common carotid occlusion by Crutch field clamp (for intracranial aneurysms) and eight cases of temporary carotid occlusion (in the course of direct intracranial attack on saccular aneurysms) have been monitored. Table 1 correlates the pressure gradients and jugular oxygen saturation for the nine cases of common carotid occlusion by Crutchfield clamp. In one of these cases, done under local anesthesia, a jugular oxygen saturation of 45% was accompanied by mental confusion, necessitating release and subsequent gradual occlusion of clamp. In all other cases, total immediate occlusion was well tolerated. Table i gives the pressure findings and venous oxygen saturations for the eight cases of temporary carotid occlusion. In one case where jugular venous oxygen saturation was 40%, temporary carotid occlusion for 15 minutes during the ligation of the intracranial aneurysms was followed by massive cerebral infarction and death, despite the fact that the artery was patent postoperatively, as shown by arteriography and at autopsy. In this early case, anesthetic efforts to improve cerebral oxygenation consisted of hyperventilation with 100% oxygen. Simultaneous arterial blood gases yielded the following values: pO2 112, pCO2 17, and pH 7.70. Subsequently, hypoventilation with carbon dioxide rebreathing resulted in a rise of jugular oxygen saturation to 80%. This clearly indicates the hazard of hyperventilation and the importance of adequate carbon dioxide levels in the maintenance of cerebral blood flow.
Our subsequent policy has been modified accordingly. If the jugular oxygen saturation is below 60% as we expose the intracranial aneurysm, we than start measures to
